Circular Gate Tunnel FET: Optimization and Noise Analysis  by Goswami, Rupam & Bhowmick, Brinda
 Procedia Computer Science  93 ( 2016 )  125 – 131 
Available online at www.sciencedirect.com
1877-0509 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Organizing Committee of ICACC 2016
doi: 10.1016/j.procs.2016.07.191 
ScienceDirect
WK,QWHUQDWLRQDO&RQIHUHQFH2Q$GYDQFHV,Q&RPSXWLQJ	&RPPXQLFDWLRQV,&$&&
6HSWHPEHU&RFKLQ,QGLD
&LUFXODU*DWH7XQQHO)(7RSWLPL]DWLRQDQGQRLVHDQDO\VLV
5XSDP*RVZDPLD%ULQGD%KRZPLFND
D'HSDUWPHQWRI(OHFWURQLFVDQG&RPPXQLFDWLRQ(QJLQHHULQJ1DWLRQDO,QVWLWXWHRI7HFKQRORJ\6LOFKDU6LOFKDU,QGLD
$EVWUDFW
7KLVSDSHUSURSRVHV D6LOLFRQ7XQQHO)LHOG(IIHFW7UDQVLVWRU 7)(7ZLWKFLUFXODUJDWH DQGRSWLPL]HV WKH VWUXFWXUH IRUEHWWHU
SHUIRUPDQFH7ZRVWHSVRISHUIRUPDQFHRSWLPL]DWLRQDUHDGRSWHGUHGXFWLRQLQDPELSRODUFXUUHQWDQGLQFUHDVHLQRQRIIFXUUHQW
UDWLR 7KH IRUPHU REMHFWLYH LV DFFRPSOLVKHG WKURXJK LQWURGXFWLRQ RI JDWHGUDLQ XQGHUODS DQG WKH ODWWHU WKURXJK JDWHVRXUFH
RYHUODS7KHFRPSRQHQWVRIJDWHFDSDFLWDQFHDUHDQDO\]HGDQGUHSRUWHGIRUWKHRSWLPL]HGVWUXFWXUH)XUWKHUPRUHWKHEHKDYLRURI
WKHRSWLPL]HGGHYLFHLVREVHUYHGLQSUHVHQFHRIQRLVHVRXUFHVDQGLQWHUIDFHWUDSVDWWZRIUHTXHQFLHV0+]DQG*+]7KUHH
QRLVHVRXUFHVQDPHO\)OLFNHU1RLVH'LIIXVLRQ1RLVHDQG*HQHUDWLRQ5HFRPELQDWLRQ1RLVHDUHFRQVLGHUHGDORQJZLWK*DXVVLDQ
WUDSVRIPD[LPXPFRQFHQWUDWLRQH9FP
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH2UJDQL]LQJ&RPPLWWHHRI,&$&&
.H\ZRUGV&LUFXODU*DWH7)(7DPELSRODUFXUUHQWJDWHGUDLQXQGHUODSJDWHVRXUFHRYHUODSQRLVH
 ,QWURGXFWLRQ
7KHGHJUDGLQJSHUIRUPDQFHRI026)(7VZKHQVFDOHGGRZQWRQDQRPHWHUUHJLPHKDVOHGWRVHULRXVFRQFHUQVRI
WKHVHPLFRQGXFWRU LQGXVWU\7KHKLJKRIIFXUUHQWVXEN7TVXEWKUHVKROGVZLQJ66DQGGHWULPHQWDOVKRUWFKDQQHO
HIIHFWV KDYH UHVXOWHG LQ WKH LQGXVWU\¶V ORRNRXW IRU VHPLFRQGXFWRU GHYLFHV ZKLFK FDQ RXWSHUIRUP026)(7V DQG
UHSODFHWKHPDVSRWHQWLDODOWHUQDWLYHV7XQQHO)LHOG(IIHFW7UDQVLVWRU7)(7LVRQHVXFKGHYLFHZKLFKKDVJDLQHG
LQWHUHVWDPRQJUHVHDUFKHUVGXHWRLWVORZ66DQGORZOHDNDJHFXUUHQW7)(7VRSHUDWHE\EDQGWREDQGWXQQHOLQJ
%7%7LQDQQ7)(7HOHFWURQVWXQQHOIURPYDOHQFHEDQGRIVRXUFHWRFRQGXFWLRQEDQGRIWKHFKDQQHOXQGHUWKH
LQIOXHQFHRIDSRVLWLYHJDWHYROWDJHDQGUHYHUVHELDVHGSLQVWUXFWXUH


&RUUHVSRQGLQJDXWKRU7HO
(PDLODGGUHVVUXSJRV#JPDLOFRP
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Organizing Committee of ICACC 2016
126   Rupam Goswami and Brinda Bhowmick /  Procedia Computer Science  93 ( 2016 )  125 – 131 
'XHWRWKHUHYHUVHELDVHGVWUXFWXUHRI7)(7VWKH\H[KLELWORZRQFXUUHQW0DQ\VWUXFWXUHVKDYHEHHQSURSRVHG
DQGLQYHVWLJDWHGWLOOGDWHLQRUGHUWRLPSURYHWKHRQFXUUHQW7KHPRVWQRWDEOHDPRQJWKHPDUHGRXEOHJDWH7)(7
62, 7)(7V  KHWHURMXQFWLRQ 7)(7  QDQRULEERQ 7)(7V 3131 7)(7V JDWH DOO DURXQG 7)(7V DQG
KHWHURJDWHPDWHULDO7)(7V
7KLVSDSHUSUHVHQWVD7)(7ZLWKD6LOLFRQERG\DQGFLUFXODUJDWHVWUXFWXUH7KH7)(7LVRSWLPL]HGIRU,21,2))
UDWLRDQGIXUWKHUDQDO\VLVRIFDSDFLWDQFHDQGHOHFWULFDOQRLVHDUHSHUIRUPHGRQWKHRSWLPL]HGVWUXFWXUH
6HFWLRQ,,GHVFULEHVWKHVWUXFWXUHRIWKHFLUFXODUJDWH7)(7&*7)(7DQGPHQWLRQVWKHVLPXODWLRQVHWXS7KH
UHVXOWVDUHSUHVHQWHGDQGGLVFXVVHGLQ6HFWLRQ,,,ZKHUHDVWKHFRQFOXVLRQVDUHGHULYHGLQ6HFWLRQ,9
 6WUXFWXUHRI&*7)(7DQG6LPXODWLRQ6HWXS
7KHEDVLFVWUXFWXUHRI&*7)(7ZLWKRXWRSWLPL]DWLRQLVVKRZQLQ)LJ7KHGRSLQJVSHFLILFDWLRQVRIWKH7)(7
DUH S VRXUFH  FP SW\SH FKDQQHO  FP DQG Q GUDLQ  [  FP 6XFK GRSLQJ FRQFHQWUDWLRQV
FUHDWHDWXQQHOMXQFWLRQEHWZHHQVRXUFHDQGFKDQQHOPDUNHGLQFLUFOHLQ)LJZKHUHWKHSKHQRPHQRQRILQWHUEDQG
WXQQHOLQJRFFXUVIRUWKH7)(7WRFRQGXFWLQQPRGH$KLJKNGLHOHFWULFKDYLQJDSHUPLWWLYLW\RILVXVHGDVJDWH
R[LGHDQG3RO\VLOLFRQKDYLQJDZRUNIXQFWLRQRIH9LVXVHGDVJDWHPDWHULDO$V\PPHWULFGRSLQJFRQFHQWUDWLRQ
LQVRXUFHDQGGUDLQKDVEHHQPDLQWDLQHGZLWKDQREMHFWLYHRIUHGXFLQJWKHXQZDQWHGDPELSRODUFXUUHQW
7KHVLPXODWLRQRIWKHGHYLFHKDVEHHQGRQHRQ6HQWDXUXV7&$'WRRO)HUPL6WDWLVWLFVKDVEHHQHQDEOHG6LQFH
UHJLRQVRIKLJKGRSLQJFRQFHQWUDWLRQDUHSUHVHQWVREDQGJDSQDUURZLQJPRGHOKDVEHHQLQFOXGHGLQWKHVLPXODWLRQV
'RSLQJ GHSHQGHQWPRELOLW\PRGHO DQG%7%7PRGHOV KDYH EHHQ XVHG )RU VLPXODWLRQV LQYROYLQJ LQWHUIDFH WUDSV
*DXVVLDQGLVWULEXWLRQRIWUDSVLVLQFRUSRUDWHGGHILQHGE\
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7DEOH3DUDPHWHUVRIHTXDWLRQDQGWKHLUYDOXHVXVHGLQVLPXODWLRQ
3DUDPHWHU 'HILQLWLRQ 9DOXH
1 0D[LPXPFRQFHQWUDWLRQRIWUDSV H9FP
( (QHUJ\0LGLQD*DXVVLDQGLVWULEXWLRQ H9
(6 (QHUJ\6LJLQD*DXVVLDQGLVWULEXWLRQ H9
 5HVXOWVDQG'LVFXVVLRQ
7KH&*7)(7VKRZQLQ)LJLVRSWLPL]HGIRUORZDPELSRODUFXUUHQWDQGKLJK,21,2))UDWLR7KLVLVGRQHLQWZR
VHTXHQWLDOVWHSVRQHIROORZLQJWKHRWKHU7KHILUVWLVPHQWLRQHGLQVHFWLRQDQGWKHVHFRQGLQ7KHRSWLPL]HG
VWUXFWXUHIURP6HFWLRQLVWKHQWDNHQDQGLWVJDWHFDSDFLWDQFHLVREVHUYHGDQGFRPSDUHGWRWKHVWUXFWXUHZLWKRXW
RSWLPL]DWLRQ6HFWLRQIXUWKHUUHSRUWVWKHHIIHFWRIQRLVHRQWKHRSWLPL]HGVWUXFWXUHLQSUHVHQFHRIQRLVHVRXUFHV
 2SWLPL]DWLRQIRUORZDPELSRODUFXUUHQW
7)(7VH[KLELWXQZDQWHGDPELSRODUFXUUHQWGXH WR WKHLUDELOLW\ WRIRUPWXQQHO MXQFWLRQVDWERWKVRXUFHFKDQQHO
DQG FKDQQHOGUDLQ MXQFWLRQV  ,QQ7)(7 WKH DPELSRODU FXUUHQW LQ WKHQHJDWLYHJDWHYROWDJH UHJLPHDULVHVGXH WR
WXQQHOLQJDWWKHFKDQQHOGUDLQMXQFWLRQ6RDJDWHGUDLQXQGHUODSOHQJWKLVLQWURGXFHGWRWKH&*7)(7RI)LJVR
WKDW WKH WXQQHOEDUULHUKHLJKW DW WKH FKDQQHOGUDLQ MXQFWLRQ LVKLJK UHVXOWLQJ LQ ORZ WXQQHOLQJ UDWHV7KH WUDQVIHU
FKDUDFWHULVWLFV IRU GLIIHUHQW JDWHGUDLQ XQGHUODS OHQJWKV /81 DUH VKRZQ LQ )LJ  D 7KH HOHFWULFDO SDUDPHWHUV
QDPHO\ RQ FXUUHQW ,21 RII FXUUHQW ,2)) UDWLR RI RQ DQG RII FXUUHQWV ,21,2)) DPELSRODU FXUUHQW ,$0%,
WKUHVKROG YROWDJH 97 DQG VXEWKUHVKROG VZLQJ 66 DUH H[WUDFWHG IURP WKH SORWV DQG OLVWHG LQ 7DEOH  $V /81
LQFUHDVHVWKHDPELSRODUFXUUHQWUHGXFHV,WVKRXOGEHQRWHGWKDW
 \ U [           
ZKHUHULVWKHUDGLXVRIWKHJDWHR[LGH[LVWKHSRVLWLRQDORQJWKHGHYLFHOHQJWKDQG\LVWKHKHLJKWRIWKHR[LGHDW
DFHUWDLQSRVLWLRQ[,QWHUHVWLQJO\HTXDWLRQFRQFOXGHVWKDWDV/81LQFUHDVHVWKHR[LGHWKLFNQHVVDOVRLQFUHDVHV
6RRQRQHKDQGWKHJDWHGUDLQXQGHUODSKHOSVWRUHGXFHWKHDPELSRODUFXUUHQWDQGRQWKHRWKHUWKHUHGXFHGJDWH
R[LGHWKLFNQHVVKHOSV WRPDLQWDLQDKLJKRQFXUUHQW+RZHYHU WKHUDWHRIFKDQJHRIERWK/81DQG\DUHGLIIHUHQW
+HQFHHYHQ WKRXJKDPELSRODUFXUUHQWPD\EH ORZRQFXUUHQWPD\QRWEH VXIILFLHQWO\KLJK)URP)LJ D WKH
VWUXFWXUHZLWKJDWHGUDLQXQGHUODSOHQJWKRIQPVKRZVORZDPELSRODUFXUUHQWDQGVDWLVIDFWRU\RQFXUUHQW$PRQJ
WKH YDULRXV JDWHGUDLQ XQGHUODS OHQJWKV WKH VWUXFWXUHZLWK /81    QP VKRZV WKHPLQLPXP DPELSRODU FXUUHQW
+RZHYHULWKDVSRRUHU,21,2))DQG97WKDQWKHFDVHRIQPXQGHUODSOHQJWK6RWKH&*7)(7ZLWKJDWHGUDLQ
XQGHUODS OHQJWKQPZLWKD VDWLVIDFWRU\YDOXHRIDPELSRODUFXUUHQW I$ȝPLVRSWHG IRU WKHQH[W VWDJHRI
RSWLPL]DWLRQ0RUHRYHUWKHVWUXFWXUHDOVRKDVD66RIP9GHF
 2SWLPL]DWLRQIRUKLJK,21,2))UDWLR
7KHVWUXFWXUHRI&*7)(7REWDLQHGIURPWKHDQDO\VLVRI)LJKDVDORZ,21,2))UDWLRWKDQWKHGHVLUHGZKLFKLV
!,QRUGHUWRLPSURYHWKLVSDUDPHWHUDJDWHVRXUFHRYHUODSOHQJWK/29LVLQWURGXFHGWRWKH&*7)(7KDYLQJ
/81 QP7KHWUDQVIHUFKDUDFWHULVWLFVDUHVKRZQLQ)LJ7KHYDULRXVHOHFWULFDOSDUDPHWHUVDUHH[WUDFWHGIURP
)LJDQGOLVWHGLQ7DEOH$V/29LQFUHDVHVWKHJDWHH[WHQGVRYHUWKHWXQQHOMXQFWLRQWRWKHVRXUFHUHJLRQ+DGLW
EHHQ D UHFWDQJXODU JDWH WKH RQ FXUUHQW ZRXOG KDYH LQFUHDVHG ZLWK WKH LQFUHDVH LQ /29 DV WKH JDWH ZRXOG KDYH
H[HUFLVHGDGGLWLRQDOFRQWUROLQWKHHQHUJ\EDQGVSUHVHQWLQWKHVRXUFHWRR%XWLQWKLVFDVHVLQFHWKHJDWHLVFLUFXODU
DV/29 LQFUHDVHV UDGLXV LQFUHDVHVDQGKHQFH WKHJDWHGLHOHFWULF WKLFNQHVV LQFUHDVHVDV HYLGHQW IURPHTXDWLRQ 
7KHUH LV D WUDGHRII EHWZHHQ WKH LQFUHDVH LQ RYHUODS DQG LQFUHDVH LQ GLHOHFWULF WKLFNQHVV +HQFH RSWLPL]DWLRQ LV
UHTXLUHG)URP7DEOHWKH&*7)(7KDYLQJDJDWHVRXUFHRYHUODSOHQJWKRIQPDQGJDWHGUDLQXQGHUODSOHQJWK
RIQPVKRZVDJRRG UDWLRRIRQDQGRII FXUUHQWV DQGKHQFH WKHEHVWSDLURI/29DQG/81 LVREWDLQHG IRU ORZ
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DPELSRODUFXUUHQWDQGJRRG,21,2))UDWLR7KLVVWUXFWXUHDOVRSRVVHVVHVDSURSHUWKUHVKROGYROWDJHRI9DQGKDV
DVXEN7T66
 *DWH&DSDFLWDQFH&RPSRQHQWVRIWKH&*7)(7
8QOLNH026)(7V&*'LQ7)(7VLVPRUHGRPLQDQWZKLOH&*6LVVXSSUHVVHG$VDUHVXOWDFFRUGLQJWRHTXDWLRQ
&**LQ7)(7VKDVPRUHFRQWULEXWLRQIURP&*'$KLJKHU&*'OHDGVWRKLJK0LOOHUFDSDFLWDQFHLQGLJLWDOFLUFXLWV
VXFKDVLQYHUWHUDVDUHVXOWRIZKLFKXQGHVLUHGYROWDJHRYHUVKRRWVDQGXQGHUVKRRWVDUHREVHUYHGDWRXWSXW
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/81QP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Q$ȝP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9 66P9GHF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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)LJVKRZVWKHFRPSDULVRQRIWKHFDSDFLWDQFHVRIWKHVWUXFWXUHVZLWKRXWRSWLPL]DWLRQ/81 QP/29 QP
DQGZLWKRSWLPL]DWLRQ/81 QP/29 QP,QERWKWKHFDVHV&*'LVGRPLQDQWKRZHYHULQWKHRSWLPL]HG&*
7)(7WKHFRQWULEXWLRQRI&*'WR&**LVOHVVDVFRPSDUHGWRWKHVWUXFWXUHRI&*7)(7ZLWKRXWRSWLPL]DWLRQ7KLV
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